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ABSTRACT 

In this study an attempt was made to obtain a 
developmental dimension for estimating longitudinal development on 
the basis of cross-sectional data. To check the validity of this 
approach, the cross-sectional data were compared with true 
longitudinal data. Forty-three public school children were given a 
series of conservation tasks in four assessment periods, each 15 
months apart, during their first four years of school. Results 
indicated thats (1) cross-sectional data on cognitive development, 
when scalogram analyzed, can predict longitudinal direction of 
development; (2) such developmental scales may better characterize a 
child's present level of development than deviance scores on 
IQ-tests; (3) such scales are useful for studying the development of 
individuals as opposed to groups; and (4) these scales may be helpful 
in comparing individual rates of development. (ED) 
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A Five-Years Pollow-Up On Cognitivo Development In 
Qrade-School Children. 



Longitudinal studies on cognitive development have been relative- 
ly rare: they are time-consuming, expensive, and suffer from 
many methodologiral shortcomings. 

Especially in the area of reasoning, alternative ways of getting 
at longitudinal development have been tried. One of these ways 
is to take a sample of children from one age group but differing: 
levels of development and administer tasks that are supposed to 
represent a developmental dimension at different levels of attain- 
ment. A scalogram analysis then will show if the answers really 
follow a Guttman-scale, i.e., if the rank-order of difficulties 
holds true for all children, and if the easier items are always 
solved before the more difficult ones. Such Guttman-scales have 
become quite popular for getting quasi-longitudinal ii tormation. 

Conventional tests of cognitive performance do show differences 
within age-groups. Repeated measures on these tests tell you 
something about changes relative to the respective age- groups. 
They do not, however, provide data about either the child's 
cognitive developmental level nor about his actual developmental 
progression. 

In the present study an attempt was made to obtain a develop- 
mental dimension on the basis of cross-sectional data. In order 
to check the validity of this approach, the cross-sectional data 
were compared with true longitudinal data. 

We were trying to answer the followinn. questions: 

1) Is there a imidimensional sequence of tasks for all children? 

2) From knowing one particular child's position on the scale, 
can one predict his rate of development by comparing his score 
at a given time with scores of his peers? 
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Methods 

The instrtunentB used in this study are listed in Table K As 
you can see^ there were assessments i at 15 months intervals* 
During the first twO| the following reasoning tasks were admin-- 
istered: 

conservation of number ^ using 3 different kinds of materials t 

conservation of lengthy using the Muller-Lyer illusion as well a 

the regular Piaget paradigm^ 

conservation of substance ^ using clay balls 

and conservation of inequality of liquid. 

Mo.st oi' the children could solve almost all of these problems 
by the second assessment t except for the conservation of liquid 
task. Therefore a new set of more difficult taskri? was used lor 
the 3rd and ^ith assessment. Fijg. 1 gives a brief summary. The 
tasks consisted of: 

conservation of divided length (only the transformed row is 
shown in the figure), 

conservation of area, using two different paradigms, 
conservation of weight of dissolved sugar, 

conservation of liquid inenuality - the first two items having 
beon retained from the first two assessments, 
conservation of filled and empty space, 
conservation of time and speed, 
and a formal thinkint^ task* 

Avain, the fourth nsse5^sment followed the third niter 15 months, 
using tho 5^ame procedure. 

Two kinds of scoring werr* used. First, all items were scored 
separately according to correct or incorrect answers and summed 
up to a Total Item Score. Second, items belonjL'^ing to the same 
task - defined as tapping the same concept Ly tiding the same 
material and the same basic paradigm - were scored together 
ind summed up to a Total Task Score. 

riie individual item analysis was retained to fjuard nr.ainst 
;>ossjblc misgroupiniJ,s and for scaiogram anal>sis. 
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Sttbjt»ct» 

Subjects were i^Xl the children in a amall toim to miles south 
or Bonn, who entered irrade school in 196&. A few children moved 
away within the first half year. However* out of 45 children 
at the end of first year« 40 still could be reached at the same 
school at the end of their fourth year of schooling* 

yx<^> 2 shows the socioeconomic background of the sample as 
obtained from fathers* education and occupation* 42 out of 43 
subject A lived with thoir natural parents, one child is not 
Included in the j^raph because hr lived only with his mother. 
As can bo seen, most fathers hod attended Volksschule (public 
school j;rades t-8) and had a 3 years vocational training* Pothers 
with **Kach8chulc" and "pAchhochHChule" , which corresponds roughly 
to colloge, and those with university training are slightly 
ovcrreprosonted* 

At the first testing::, the children's ages were between 5-1o 

and 7-1 ys with a mean of 6-5 years; at the last assessment, they 

were botwoon 9-9 and 11-1 years old with a moan of lo-3 years* 

i(o suits 

!• Changes in Performance on the Piaget tasks 

i'lG* ^ ami ji show tho •:listribution of «corcs for tho tottil 
' .tmplo durin.n: tho firnt and .socont4 asH<*H»mntit k. Ah ort<»n can 
:><: scfji with dovclopmnninl data, tho distributinn of pcrronnniico.»' 
is faj" irrun nortnnl. At tho first tf.«ititij»;, most chi.l«lr«»n oitlusi 
aj;.«worfd r.ori«»ctly on a icM itomx or oti nearly all Itcttts; at 
the- yr-coiui toMtin* 115 months later, mont cliililron y.,<ii h.i.';l» 
T^ital -corr^s, Thes<» rc.milts are ovon raor«» pronotmcod, uhon 
Totnl Ta.i;i>coroH arc» conftidcrod inst<»a«l of Total Item :ic.oros. 

» »-4« > and sh<.u the distri hut lon.s of Total I tout .i<-<»r<*N at»<l 
. >'..: ■, €>j , ;•<•' ;.♦, at thf third and fourth aHfM»Mr'.»»i«*n t « 

A!:aiii, the di str J hut i on». do not fit a normal curve but rathor 
s:>r>w U\ti or thrcr- peak < at tho low, middle and hir,h ond of 
t III* .s;: ;. lo • 
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These results show: 

1) marked increases in correct answers for the total sample, 
which are statistically significant, 

2) a tendency toward developmental "levels", marked by peaks 
in the distributions, 

3) the fact that only a few children had full access to conrctc 
roasoninp; by the age of lo or 11 or by the end of their fourth 
year at school, rcsp* 

This analysis, however, leaves some riucstiouH unanswered: 

1) la there a consistent order in the kinds of tasks solved? 

2) Do nil children show n similar developmental progression 
from one assessment to the next? 

3) Do some children resross? 

2. Changes in difficulty levels of Piaget tasks 

Difficulty levels of tasks may indicate a developmental sequence, 
esp. when they follow a Guttman-scale . If titcy really represent 
a developmental order, the sequence should hold even when the 
absolute difficulty of solving the items decreases, for instance 
with increasing ajre of the child. 

^1Q« 7 shows the changes in difficulty levels of the conservation 
tasks from the first to the second assessment. Only^ the first task 
is not represented, since its function as first and warm-up item 
camouflarsed its cof^nitive status. C3early, men-children conserved 
on all of these task on the second assessment. The pattern of 
sequence, liowever, was not retained, except for the hardest task, 
conservation of liquid inequality. Interestingly, however, the 
easiest task at the first assessment, the Muller-Lyer lenfitlx 
illusion, improved least* There are several indications that it 
changes its meanin;; relative to the coj^nitive level of the 
children • 

The 1969 results will not be discussed at length because the 
tester involved may have influenced subjects* answers by 
^ suftj^estive questioning. 

ERIC 
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The 196tt results, however, not only roprosont different levels 
of difficulty but also follow a Quttman-scalo quite well, a 
3calogram analysis on the tasks yielded a Qreen-Index of repro- 
ducibility of I 3 .759, which is quite acceptable* 

Since the results on the first set of tasks are less conclusive 
I shall concentrate on the second set of items administered at 
the third and fourth assessment. 

shows the soneral progression in each Item from the third 
to fourtli assessment. Though there are slight chan^t^es in sequenci 
e«p. nmonr items which had been at the same level of difficulty, 
the general trend remained. Increases of correct answers were 
most marked in items of intermediate difficulty, which were thosi 
of conservation of divided lcn,o:ths and conservation of liquid 
amount when a ball was put into the water. The easiest tasks 
in these two assessments, nos. lo and 11 - conservation of 
liquid inequality - had been the hardest in the first two 
assessments; the hardest in 1971-2 was that of formal thinking 
as was predicted by theory. 

Separate scalogram analyses were performed on these items for 
both assessment periods which yielded acceptable reproducibility 
indices. If there is a regularity in development, liowcvor, 
similar patterns of tasks should emor(!;e* 

Therefore, data from both assessments were entered into a 
combined scalogram analysis. Six items had to be removed from 
analysis since they proved responsible for most pAttern irro- 
sularitios. They are separately denictcd on the right hand side 
of Pig. 8. The final scale of l6 items, with the easiest two 
scored together, yielded an overall Green-Index of Iit.75, and 
separate indices for the two assessment times yielded I=.63 
and 1st. 75, resp.. 

These indices show that t!io regularity of pattern improved with 
higher cognitive levels of the subjects. This result is not 
unique. A scalogram analysis for the tasks from the first 
assessment which had proved acceptable for this sample of 
children then starting school, did not work out much beyond 
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chance Xevol for an earlier study which involved 23o chiXdren 
ased 4-6 to 6-0 years who attended nursery schools. It tnight 
well be that irresularities are quite common when the diffi^ 
culty level of tasks is very high. Besides, the tasks used 
here were not selected according to their logical and psycho<* 
logical rclatedness but rather haphazardously from experiences 
of former studies. Therefore it is a crude instrument, open 
to chance influencf^s from diver^^ent experiences. Separate 
analyses on some ns which are clearly lo<;ically and psycho- 
logically related, usually yielded hi«;h reproducibility indices 
oven durinr. the third nssossnont. Kven with those restrictions, 
the results are impressive. 

3. Developmental changes of i ndividuals 

The Quttman scale that resulted from the scalop:ram analysis *vaf» 
then used to pinpoint each child's position on this dcvelopmentnl 
ocale in order to check if each progressed in the predict direct- 
^^T^^ yjj^ure 9 shows the changes in cognitive level from the 
third to the fourth assessment. Gach child is identified by his 
code number and ordered along the V-axis according to his position 
when first administered this sot of tasks. Dotted circles irdi- 
catn that he had missed one or at most two items along the scale, 
single dots and single represent additional correct answers that 
fell outside the scalogram pattern* 

T^irelve out of 'i 1 cliildrcn did not change their status; h ol" tliem 
only completed their patterns. Some cIiLldrcn s\\oy>t marked pro- 
Krossions, esp. thosr of formerly intermedinte or high status. 
One formerly complete "non-conserver" progressed considerably 
(no. 2). In rreneral, however, children of formerly low cognitive* 
level progressed little or even regrosfod. There seems to be no 
clear way to predict from a child's position nt one point oV 
tine his development within the next months. Just compare 
Sr no. 32 and no. 2, or 2^1, 'i and 29 or 26 and />. Standstills, 
progressions or regressions can occur, though progressions 
prevail. 

How do these developmental changes compare with the initial 
results at the first assessment? 

00008 
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l!iil:L-^» all indivlfiunl chiXctrcn nro dot»iclod on the lt»l1 
hand Mide accordinjs to th«*ir coti;nitivo level b«-r»>rc school 
ontranco. The triangles show tholr positions ir» months i«tor- 
On the rL-^ht hand side, their cognitive levels? at the third 
and fourth ossessmcnt arc represented* At first }>;lance thero 
does not seem to be much regularity. t{o\v^evcr, children hi^h 
in coitnitivo level nt scliool entrance tend to ho hi.r^h nt fourth 
grade as well, and those starting at the lower end have some 
chance of remainini-; behind. It might bo interesting, however, 
to note that the children nos. 19 and 11 as well as those with 
larger regressions, i.e., 'to, 1!6 and 20, wore the only ono» 
who had to repeat a class during the time under study. 



. >Sr)eod of develoiitnon t 

Generally, we may conclude, that lonKitudinnl «U»voJopmont 
follow.** a rather definitive direction which can quite well 
be predicted by scalogram analysis of cross-sectional data, 
as lonr as difficulty levels of tasks are intermediate in the 
respective group. Stagnations, howovex-, are not infrequent, mul 
regressions tend to occtir, although they generally correspond 
to other negative expcrioices. - Dy the way, regressions do not 
tend to follow a backward pattern on the scale, but rather 
sec»m to indicate a dissolution of the pattern. - 

Individual differences in. speed of development seem to bo 
largo, although children who are ahead relative to their age* 
mates .-^.oem to stay ahead later on. These results arc 5iti}>p<>rted 
hy the correlations of the Total Item ticovca between all 'i 
assessment periods, as reported in Table 2 and tlie correlations 
of the Total Task Scores between all assessment periods, as 
reported in Table 3 . A .stepwise regression analysis with the 
Total Scores from the first three assessments entered as 
independent variables yielded a multiple U'^ - .673 (or corrected 
for small sample of ,G'i^) with tho cognitive level at the fourth 
assessment time; the nrevioufc ycar»s cognitive level being tho 
best single predictor (ir= .57). Knowing a child's long-range 
development thus adds to the predictability of his further 
development substantively, although it does not predict it 
complctoly. 

erIc 
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I tried to say is 

that crussosoctiotial data on cor:nitivo dovclot>incnt - when 
scalo,c;raiii analyzed « can well t^redict iorr:itudinal direct ioit 
of d'^vclopment t 

that such developmental scales may better characterise a 
child's present level of development than, for instance, 
deviance scores on IQ-tests, 

that such developmental scales are useful for studying 
the development of individuals as opposed to <;rouns 

and that they may be helpful in comparing; individual rates 
of development* 
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1* Conservation of divided lenotha 

Tha compariaon rout of 5 sticks altsays remained <^traiqh 
Only the transformations are shoun* In Item 3« ono rnor 
stick was added to the bent row* tn Item 4» th<> cnHd 
is shown a bent row and asked to construct a 3tr;:ii.:ht 
"streot" of equal length 

2. Conservation of area 1 

The comparison area consisted of 4x3 pieces* Only the 
transformations are shown* 

3. Conaervatinn of area 2 

On the comparison "farm"* the houses ore laced along 
one side of the square farm ground* Question is for th< 
amount of grass for the cows* 

4* Conservation of disaolved suoar 

Item It grained sugar is poured in one of two glaases 
with water* Question for equality of weight* 
Item 2t a piece of sugar (same amount) is put into the 
ether glass* 

5* Conservation of liouid ineoualitv 1 
Only the transformations are shown 



A ball is put into the glass with less water* 
Question for amount of water* 

2 X 12 blocks are stapled into two walls of three bloc 
length and 4 blocks height* One wall is trasformed as 
. in Item 1 (view from above) » and as in Item 2 end ^ 
(views from one eid^^In Item 2 it should be 12 blocks 
in height)* 

Questions which way of stapling takes more space? 

6* Conservation of emotv ^oaee 

Two or 4 blocks, resp*, are spaced differently in two 
boxes* Question is for tha amount of space left* 

9* Conservation of time 1 

Two care start at the same time end stop at the same 
time, but at different distances (A***R1, 6***R2) 

10* Conservation of time 2 

Start at different times, Stop at same time, same dist 
eea (A***R2, B***H1)* Question for time used by ears* 

11* f^tml thinking 

Question for number of groupe of two (friends walking 
end telking together) that een be formed by 5 friends* 
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N s 42 



2 3 4 

SOCIOECONOWIC STATUS 



5^6 



1 unskilled workars 

2 semi-skilled end skilled workers 

3 lower level employeee 



4 i*e* foremen y store-keepere ete* 
5*6 professionals with college or univer- 
sity training 
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SOCIOECONOMIC BACKCftOUNO OF THE SAMPLE 
\S RATED FROM FATHERS* EDUCATION AND 
EMPLOYMENT 
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FIGURE 3 t TOTAL ITEM SCORES AT THE FIRST AND 
SECOND ASSESSMENT 
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FIGURE 6. TOTAL TASK SCORES AT THE THIRD 
AND FOURTH ASSESSMENT 
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BEST WY AVAIUBIE 

TABLC 2t Correlations betmean Total Itaro Scoraa 

• 1969 1<^71 1972 

1968 .371 .535 -602 

1969 - .5^^^ -613 
1971 - - .702 



TABLC 3t Cory alat tops batwaan Total Task Scoraa 

2262 1971 1972 

1968 .412 .5^2 .604 

1969 - .509 .648 
1971 - - .718 

TABU 4t Weana of Total I tarn Scoraa ovar dlehotomlzad orouoa 
( Conaerver a/noneonaervara ) 

1968 1969 1971 i972 

NC 0 NO C NO C NC C 



0 


NO 


C 


NO 


0 


22.6 


20.1 


26.1 


6.9 


13.1 


18.9 


I8.9 


27.3 


hi 


14.6 


18.6 


19.1 


26.7 


6.4 


13.3 



1968 ^ 

1971 8.7 

1972 8.5 



